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A STUDY OF DISEASES OF CANNING CROPS
(PEAS AND CORN) IN MINNESOTA'
G. H. STARR2
INTRODUCTION
The canning industry in Minnesota has grown rapidly and at present
ranks high with that of other canning states. This is remarkable when
One considers that the industry is only a little over 25 years. old. Ten
years ago Minnesota ranked eighth in the production of sweet corn; in
1931 it led all other states. In acreage planted to peas, this state ranked
third in 1930, being exceeded only by Wisconsin and New York.
Favorable climatic conditions have contributed much to the rapid'
growth of the canning industry in Minnesota, but a limited prevalence
of disease as compared with _some of the older canning states has also
been influential. A few diseases appear annually; others occasionally,
depending largely upon prevailing weather conditions.
During the 5-year period 1927-31,3 the diseases prevalent on peas
and sweet corn, the two principal canning crops groin in Minnesota,
were studied. In addition to numerous annual field inspections and
plot experiments, investigations were carried on in the greenhouse and
the laboratory.
The first part of this bulletin deals in a general way with diseases
of peas and in particular with Fusarium wilt. The second part dis-
cusses the diseases of sweet corn with particular reference to seedling,
blight. The Fusarium wilt of peas, while not of great economic im-
portance at present, is likely to become the most destructive disease
1 Submitted to the faculty of the Graduate School of the University of -Minnesota in
partial fulfillment of the requirements for the degree of Doctor of Philosophy. Degree granted
June, 1932.
During the five-year period 1927-31, this study was supported in part by a grant from
the Minnesota Canners' Association, to whom mimeographed reports of progress were made
yearly. The writer expresses his appreciation of the friendly co-operation of the members of
the Association throughout the course of the work.
2 Formerly Minnesota Canners' Association Fellow and Assistant in Plant Pathology.
Grateful acknowledgments are made to Dr. J. G. Leach, under whose supervision this ex-
perimental work has been conducted, for his helpful suggestions and criticism throughout the
investigation and in the preparation of the manuscript; to Dr. E. C. Stakman for his interest
and suggestions during the course of the work; to Dr. C. D. Sherbakoff, of the University of
Tennessee, who kindly identified the species of Fusarium; to Dr. C. S. Reddy for furnishing the
furfural dusts used in sweet corn seed treatments; to Dr. M. B. Linford for supplying a culture
of Fusarium orthoceras var. Pisi; to Dr. E. J. Renard for wilt-resistant Wisconsin strains of
peas; and to the Armour Fertilizer Company and the American Chemical Company for kindly
supplying generous amounts of fertilizers for sweet corn experiments.
3 In 1927 and 1928 these investigations were carried on by C. G. Anderson and H. H.
Thornberry, who at that time held fellowships granted by the Minnesota Canners' Association.
Data compiled during these two years are used in this publication. Since then the work has
been conducted by the writer.
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with which growers will have to contend. Seedling blight of corn, a
very destructive disease in Minnesota, is considered especially from the
standpoint of control by the application of organic mercury dusts to
the seed.
PEA DISEASES IN MINNESOTA
Bacterial blight, caused by .Pseudomonas pisi Sackett, is one of the
most common and most widely distributed diseases of peas in Minne-
sota. This disease causes numerous small brown spots on leaves, stems,
and pods (Fig. 1). Light infections may cause little damage, but if
the spots are numerous the yield may be noticeably reduced. Also,
when the disease is abundant, spotting of the pods may seriously impair
the quality of the peas. Altho prevalent, blight is usually not severe
and only occasionally are conditions favorable and of sufficient duration
to produce it in epidemic form. However, in 1929 bacterial blight was
so severe in certain areas of southern Minnesota that a few fields were
almost a total loss to the growers.
Fig. 1. Pea Leaves Affected with Bacterial Blight
Similar spots are often formed on stems and pods. The most prevalent disease
of peas in Minnesota.
No practical method of controlling bacterial blight is known. Pri-
mary infection may come from refuse from the previous year's crop or
from infected seed. The bacteria are carried internally under the seed
coat and are not killed by any practical method of seed treatment. Crop
rotation and the use of the more resistant varieties offer the best avail-
able means of avoiding loss from blight.
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The Alaska variety is one of the most susceptible of those grown in
Minnesota, while Rice's 13, Badger, and Green Admiral are among the
most resistant varieties. Surprise, Senator, Sutton's Ideal, Thomas
Laxton, Dwarf Telephone, Winner, Perfection, and Prince of Wales
appear to be intermediate in susceptibility.
Root rot, caused by species of Fusarium, is another widely distrib-
uted disease, causing considerable loss every year (Fig. 2). Bisbv (1)
found root rot of peas in Minnesota caused by a Fusarium that was
later named and described by Jones (11) as Fusarium martii var. pisi.
Root rot is often found associated with wilt, in which case the loss from
each source is difficult to estimate. In regard to varietal susceptibility,
observational evidences are contradictory from year to year. None of
the commonly grown varieties show much resistance, altho Alaska,
Rice's 13, and Advancer appear to be the least susceptible; Perfection,
Horal, and Roger's K are more susceptible.
Fig. 2. Fusarium Root Rot of Peas
Three healthy plants of same age on the right.
Root rot, caused by Aphanomyces euteiches Drechsler and observed
commonly in Wisconsin (12) (24) and other states (13), has been
found often in wet seasons. In the spring of 1930, infected plants were
found in most fields of southern Minnesota. Root rot of Alaska peas
was especially prevalent in low areas. This disease is apparently less
destructive in Minnesota than in other regions. Many of the plants
affected with Aphanomyces root rot were also affected with wilt. Iso-
lations from such plants have yielded speeies of Fusarium capable of
causing wilt.
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Seedling blight of peas, caused by Rhizoctonia and Fusarium spp.
and probably other organisms in occasional years, probably takes as
large a toll as any other disease. In wet, cool springs many plants may
be killed before they emerge from the soil. In some parts of the coun-
try seed treatments with the organic mercury dusts pay well and are
thus recommended (5), (14). In other parts, treatments are not so
successful (16). Jones (15) found that the application of water im-
mediately after planting had a detrimental effect upon non-treated seed
but little effect upon treated seed. Also, germination was reduced in
non-treated seed at temperatures of 45 and 70° C. However, treated
seed gave marked increases in stand, regardless of soil temperature.
Occasionally, very early plantings in Minnesota are benefited by seed
treatment. In 1930, Perfection and Prince of Wales varieties, treated
with Dipdust and planted on April 19, increased the yield 10 and 70
per cent, respectively, over non-treated seed. During the investigational
work such results were rare, and they probably do not warrant a general
recommendation of seed treatments for peas in Minnesota, unless the
seed is known to be diseased.
Fig. 3. Leaf Blotch of Peas
Common in Minnesota but not very injurious.
Leaf and pod spots caused by Ascochyta pisi Lib. and Mycos-
phaerella pinodes (Berk. and Blox.) Stone have been found to a very .
limited extent in fields throughout the state. In general characters they
resemble bacterial blight and are often confused with it. Since 1929
they have been observed annually on a few plants in the experimental
plots at both Le Sueur and University Farm, St. Paul. Their preva-
lence has been so limited as not to be of any great economic importance.
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Leaf blotch caused by Septoria pisi Westd. (Fig. 3) is common in
Minnesota but is of little economic importance. Another leaf-spotting
disease caused by Septoria flagellif era Ell. and Ev. (Fig. 4) has been
observed, but it, also, causes no appreciable loss. ,
Fig. 4. Septoria Leaf Spot of Peas
This disease also is of minor importance in Minnesota.
Both powdery mildew, caused by Erysiphe polygoni D. C., and
downy mildew, caused by Peronospora viciae Berk., are found occa-
sionally, but are of little importance. Weather conditions are seldom fa-
vorable for the production of mildews in destructive form in Minnesota.
Anthracnose, caused by Colletotrichunt pisi Pat., has been found
locally in small amounts, but to this time damage to the pea crop has
been negligible.
Fusarium wilt, a disease recently described by Linford (20), was
first observed in several localities in Minnesota in 1926. Where it
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occurs it is extremely destructive. The soil becomes "pea sick" and is
worthless for growing most varieties of peas. As, in all probability,
this disease is potentially the most important of all diseases of peas in
Minnesota, it was chosen for more extensive investigation.
FUSARIUM WILT OF PEAS
Nature and Importance of Pea Wilt
Fusarium wilt is very destructive in older canning areas, especially
where proper rotations have not been practiced. Wilt is often associ-
ated with root rot diseases, hence it was not until recently distinguished
from them and given its proper importance. Much of the losses previ-
ously attributed to Aphanomyces root rot should in all probability be
credited to Fusarium wilt.
Linford (20, 21, 22, 23) made an extensive study of Fusarium wilt
in Wisconsin and has emphasized the importance of this disease, espe-
cially in older canning sections.
Plants may succumb to wilt in any stage of development. Often
young seedlings are killed, in which case the disease is distinguished
from the various root rots only with difficulty. More characteristically,
however, the plant does not wilt until blossoming time or later (Fig. 5).
Affected plants gradually lose their turgor accompanied by a corre-
sponding loss of normal green color. The lower leaves are frequently
the first to show signs of wilting. Plants wilt more rapidly in hot, dry
weather, but after the first symptoms appear, the wilt usually progresses
rapidly.
When not complicated by other troubles, the roots of affected plants
appear normal. After the plant is completely wilted, the roots usually
decay promptly. Like other Fusarium wilts, pea wilt is characterized
by the evident browning of the vascular bundles. Often the bundles
are stained a deep orange. In other cases, the bundles show only a pale
tan discoloration. In older plants, which wilt slowly, the base of the
stem near the ground line is frequently larger than normal and does not
dry out so readily as the rest of the stem.
In Minnesota, wilt has usually been found in more or less definite
circular spots in otherwise normal fields. Observations indicate that the
disease has been introduced into the field (probably through infected
seed) and is gradually spreading in a steadily increasing circle.
Wilt may be found in Minnesota in practically all areas where can-
ning factories are located. In 1929, wilt was very destructive in a field
in southern Minnesota that had not grown a crop of peas for the previ-
ous six years. This emphasized the necessity for long rotations, once
the soil is infested. Proper rotations are often neglected, especially in
fields that are adjacent to viners and thus are convenient for vining
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operations. Such practices have helped to establish the wilt organism
in the soil of many fields in canning centers.
Fig. 5. Fusarium Wilt •
The plant on the right is dying from typical Fusarium wilt; that on the left is
a healthy one of the same variety.
Moreover, the wilt organism may be carried from year to year in
the seed. This is undoubtedly an important means of disseminating The
wilt pathogen.
Cause of Pea Wilt in Minnesota
The cause of pea wilt in Wisconsin was found by Linford (20) to
be Fusarium orthoceras App. and Wr. var. pisi. In Japan, Togashi (33)
found wilt of peas to be caused by Fusarium arthrosporioides Sherb.,
F. sporotrichioides Sherb., and F. anguioides Sherb. Togashi also listed
thirteen other species of Fusarium that had been found associated with
wilt of peas by various workers in Europe and America. In order to
determine the organisms responsible for wilt in Minnesota, isolations
were made from wilted plants wherever found—in all, several hundred
different sources. In 1929, wilted peas were collected from 58 fields
and cultures of Fusarium were isolated from all this material. Of the
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58 cultures, 17 were strongly pathogenic to peas; the rest were non-
pathogenic or only mildly so. In 1930, 370 wilted specimens were col-
lected from 45 fields. Fungi isolated from this material were also used
in pathogenicity studies. Of the 83 cultures tested, 42 were strongly
pathogenic to Alaska peas; many of the others were mildly so. A few
of the most pathogenic of the organisms were Used extensively in labo-
ratory and greenhouse experiments. In addition, a culture of Fzisarium
orthoceras var. pisi, obtained from Dr. M. B. Linford, was used for
comparative studies. •
This study has shown that several species of Fusarium are responsi-
ble for wilt in Minnesota. Throughout this manuscript these pathogens
have been referred to by number because during most of the work the
identity of the culture was not yet known.
Culture 29-300c, which probably belongs to the F. orthoceras group,
is one of the most common types found in Minnesota, as well as one of
the most pathogenic. Of the eleven l‘Tarieties .used in the pathogenicity
tests, only one, Green Admiral, was resistant to this pathogen. A few
others were slightly resistant but most of the varieties were susceptible.
Many other cultures isolated from wilted peas are similar to this one
but differ in pathogenicity and are, in all probability, physiologic forms
of it.
This culture, when gr9wn on potato-dextrose agar, has a white
mycelial growth with light to dark purplish pigmentation., On boiled
rice agar, the color becomes a purplish-red; on sterilized potato plugs,
a slight purplish hue may be noticed.
Another culture, D30-239a, caused rapid wilting, especially on seed-
lings, and, according to Dr. C. D. Sherbakoff, should be placed in the
species Fusarizon bullatum Sherb.4 Two varieties, Dwarf Telephone
and Sutton's Ideal, were considerably resistant to this pathogen; four va-
rieties, Surprise, Alaska, Badger, and Thomas Laxton, were susceptible;
five varieties, Perfection, Rice's 13, Green Admiral, Senator, and Prince
of Wales, were somewhat intermediate in reaction.
When grown on potato-dextrose agar, young cultures of this organ-
ism are pure white. Older cultures, however, have a brownish-yellow
pigmentation. The color on boiled rice or sterilized potato plugs is
similar to that on potato-dextrose agar.
Another distinct species causing ,wilt in Minnesota is Fusarium
acumination Ell. and Ev. emend. Wr.5 This culture (D30-360) was
somewhat less virulent on varieties tested than were the two previously
mentioned. Only three of the varieties tested, Alaska, Thomas Laxton,
- 4 In Wollenweber's recent classification of the Fusaria, "Fusarium-monographie," Zeits. f.
Parasitenkunde 3:269-516, 1931, this species is given as Fusarium equiseti (Cda.) Sacc. v.
bullatum (Sherb.) Wr. n.c.
5•In Wollenweber's "Fusarium-monographie," 1.c. this species is given as Fusarium scirpi
Lamb. et Fautr. v. acuminatum. (Ell. et Ev. s. sp.) Wr. n.c.
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and Prince of Wales, were susceptible to this pathogen. The others
were either resistant or intermediate in reaction. This fungus in young
cultures on potato-dextrose agar has a white mycelium, but in older cul-
tures it is deep red. When grown on a boiled-rice medium, the red
almost disappears and a yellow to brownish pigmentation is noticeable.
On sterilized potato plugs, the pigmentation is similar to that produced
by the fungus on a rice medium, except that the red color is still more
faint.
During the course of this study many stained and unstained cross-
sections made at the first node of wilted stems were examined under
the microscope. The mycelium of Fusarium orthoceras (culture 29-
300c) was found in abundance in the trachea; likewise, the mycelium
of Fusarium bullatum (culture D30-239a) and Fusarium acumination
(culture D30-360) was found, but less frequently in the trachea of
wilted stems. Photomicrographs of cross-sections of wilted stems
showing the mycelium in the tracheal tissues are,shown in Figure 6.
A B •
Fig. 6. Photomicrographs of Cross-Sections of the Vascular Elements of Pea Plants
Affected with Fusarium Wilt
A. Fusarium orthoceras, culture 29-300c on the Alaska variety. X 200
B. Fusarium acuminatum, culture D30-360 on the Prince of Wales variety. X 200.
Physiologic Specialization in Fusaria Causing Wilt
During a preliminary study of varietal resistance to Fusarium wilt,
it was found that varieties differed widely in their resistance and suscep-
tibility to various wilt pathogens. It was discovered, also, that some of
the Fusarium cultures isolated from wilted peas collected in Minnesota
belonged to the Fusarium orthoceras group. Two of these cultures,
29-300c and 30-162a, and others, were sent to Dr. C. D. Sherbakoff for
identification. He stated that, in all probability, they are F. orthoceras
var. pisi. During this study, culture 29-300c, together with the culture
Fusarium orthoceras var. pisi obtained from Dr. Linford, was used to
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inoculate the soil in which eleven varieties of peas were grown. Differ-
ences were noted in the pathogenicity of these two cultures, which in-
dicate that they are two distinct forms of the same species. Their ef-
fect on the different pea varieties is shown in Table 1. It may be seen
that the Wisconsin strain of F. orthoceras differs from culture 29-300c
in that the varieties Sutton's Ideal and Dwarf Telephone were resistant
to the former and susceptib!e to the latter.
Table 1
Susceptibility and Resistance of Eleven Varieties of Peas to
Ten Wilt Pathogens
Wilt pathogens
Variety F. orthoc-
eras —300c —162a —308a —316a —72a —239a —360 —303 —363
Prince of Wales S* I-S S s S I I I-S I-R S
Thomas Laxton . , S s I R S S S I-S I-S I
Sutton's Ideal  R S R • • R I R - R R R
Badger S S S s R s I-R S S
Senator  S I-S I R S R I-R R s I
Green Admiral  R R R R R • • I-R I-R R I
Alaska  S s s s s S S I-S S R,
Rice's 13  R I S s S I I-S I I R
Perfection  S S S I s R I-S I s s
Surprise  I S S S S s s I S I
Dwarf Telephone  R S R I I S R R I-S R
* S = Susceptible; R = Resistant; I = Intermediate.
Moreover, three Wisconsin strains of peas (Abundance, Fascicled
Sweet, and Large Sweet) resistant to F. orthoeeras var. pisi, were badly
wilted when grown in the wilt plot at University Farm. The pathogenic
culture 29-300c was isolated from these wilted plants.
It will be observed in Table 1 that the resistance of many of the
varieties tested is not the same for all of the pathogens. The Green
Admiral variety is resistant to the largest number of pathogens and
Alaska and Surprise are the most susceptible. It is obvious that in
determining wilt resistance it is necessarY to test the varieties with as
many different forms or species of wilt-producing fungi as possible. A
variety classed as resistant when tested with only one form is likely to
prove susceptible when grown in the field with other forms. Walker
(35) has tested many varieties of peas and classified them on the basis
of resistance to wilt. It has not been possible to test all these varieties
with the wilt pathogens found in Minnesota but, on the basis of the
results obtained with the eleven varieties, other varieties probably would
show similar variations when grown in soil infested with more or
different wilt-producing pathogens.
Other differences between the cultures are evident aside from those
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of pathogenicity. Culture 29-300c grew faster on acid and alkaline
agar than did the Wisconsin strain of F. orthoceras. Moreover, for the
former culture the optimum growth was in. the acid range; for the lat-
ter it was in the alkaline range. These differences are shown in Table 5.
The temperature growth range of culture 29-300c was aAso greater
than that of the Wisconsin strain. Likewise, the rate of growth was
faster for the former at all temperatures tested than for the latter.
Table 3 shows the differences in growth of each pathogen.
Culture 29-300c may also be readily distinguished from the Wis-
consin strain of F. orthoceras •var. pisi when grown on agar by the
purplish pigment. The latter exhibits a slightly bluish pigment or none.
When grown on other media, further differences are evident. On a
boiled-rice medium, the Wisconsin strain prodiiced a faint pink pigment,
29-300c a purplish-red one. On sterilized potato plugs, the Wisconsin
strain produced a blue to slightly grass-green pigment; culture 29-300c
produced a very slightly purplish one.
Moreover, in culture the Wisconsin strain produced microspores
readily and macrospores very sparingly; culture 29-300 produced both
forms abundantly.
Many other wilt cultures isolated from peas in Minnesota evidently
belong to the F. orthoceras group. They show some differences in
pathogenicity as well as in cultural characteristics and in all probability
are additional physiologic forms. However, further work is necessary
to determine their range of pathogenicity and their significance.
Relation of Soil Temperature to Development of Pea Wilt
Linford (20) has shown that wilt of peas caused by Fusarittin or-
thoceras var. pisi develops over a range of soil temperature from 10-12
to 30° C. in susceptible varieties, but that severe injury occurs chiefly
between 15 and 17° C. Furthermore, wilt develops more quickly at 21-
22° C. than at any other temperature.
Studies of similar nature were made with wilt organisms from Min-
nesota, with the Wisconsin organism for comparison. These experi-
ments were conducted in electrically-controlled temperature tanks.
Two varieties of peas, Alaska (early) and Prince of Wales (late),
were grown in soil inoculated with the various organisms and maintained
at six different temperatures. The cultures of Fusarium were grown
on a sterilized-oat medium for about three weeks prior to inoculation.
A sandy loam previously sterilized with steam for about four hours at
12 pounds pressure, was used in cylindrical metal containers submerged
in tanks of water. Just before planting, ten 3/4-inch holes an inch and
a half deep were made in the moistened soil. To each hole was added
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approximately two grams of inoculum, upon which the seeds were
planted, one to a hole. Previous to planting, the seeds were surface
sterilized in mercuric chloride (1:1000) for 15 minutes. The tanks
were adjusted to the following temperatures: 12, 16, 20, 24, 28, and
32° C. To determine the fluctuation from the set temperatures, the
soil temperatures were recorded two or three times daily by thermom-
eters placed in the soil and temperatures were noted 93 times during the
experiment. The average for each tank was as follows: 8.07, 12.35,
15.92, 20.34, 23.89, 26.97, and 30.38° C. A layer of sand was placed
over the soil in each cylinder. Alaska and Prince of Wales seed were
planted and inoculated as follows, one container with organism 29-300c,
one with D30-239a, one with Fusarium orthoceras var. pisi, and one
with sterilized oats as a check. The experiment was allowed to run
for 32 days, during which time the plants were under observation for
wilt development. Reisolations were made from at least one wilted
plant in each series. The experiment was repeated with similar results.
In Table 2 are shown the average results of bOth experiments.
Table 2
Effect of Soil Temperature Upon, the Production of Wilt in Alaska and
' Prince of Wales Peas by Three Wilt Organisms
Per
Temperature
cent wilt caused by the three cultures used as inoculum*
of soil,°C. 29-300c D30-239a F. orthoceras,(Wis.)
12 5 0 0
16 20 10 15
20 40 27 20
24 45 35 60
28 60 70 30
32 35 40 10
* Average of two tests.
The first wilted plants in the series appeared at 28° C.; others fol-
lowed at 32° C. In general, wilt occurred earlier in the series inoculated
with culture D30-239a (Minnesota) than in either of the others. It will
also be noted that wilt occurred at 12° C. with the 29-300c organism
only. Moreover, in the series inoculated with Minnesota wilt organisms,
the largest number of wilted plants appeared in the series at 28° C. In
the series inoculated with the Wisconsin organism, the largest number of
wilted plants occurred in the series at 24° C. The greatest difference
.in pathogenicity between these cultures occurred in the series at 28° C.
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Effect of Temperature on Growth of Wilt Pathogens in
Pure Culture on Agar
Five different cultures of fungi causing wilt of peas were grown for
five days on agar in petri dishes (20 cc. each) at eight different tem-
peratures-7, 11, 16, 20, 24, 28, 32, and 36° C. The temperature of
the incubators varied up to 17.4.-_ degree, with the exception of the 36°,
which fluctuated 2-±-0. Four of the cultures used were isolated from
peas in Minnesota the fifth was the Wisconsin organism Fusarium or-
thoceras var. pisi used for comparison. All five cultures were grown in
triplicate. The variations among the replicates were insignificant. After
five days the diameter of the cultures was measured, and one replicate
of each was photographed (Fig. 7A). Table 3 gives the average diam-
eter, in millimeters, of the cultures at various temperatures.
Fig. 7. A. Five Wilt-producing Cultures of Fusariam Grown on Agar at Various
Temperatures
Reading from left to right the cultures are Fusarium orthoceras var. pisi, F. ortho-
ceras (29-300c.), F. bullatum (D30-239a), F. acuminatum (D30-360) and culture D30-363.
The temperature ranges, from top to bottom, are 7, 11, 16, 20, 24, 28, 32, and 36° C.
B. Four Wilt-producing Cultures of Fusarium Grown on Agar Having Different
pH Values at 16° C.
• The cultures from left to right are Fusarium orthoceras var. pisi, F. orthoceras (29-
300c.), F. bullatum (D30-239a) and F. acuminatum (D30-360). The pH values from top
to bottom are as follows: 10.69, 10.31, 9.65, 8.19, 5.43, 4.38, 3.40, 3.09, and 2.78.
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Table 3 shows that, with one exception, the optimum temperature for
growth of the cultures was approximately 28° C. The culture D30-360
grew best at about 20° C. Also, this organism is the only one having
a slower rate of growth than F. orthoceras.
Table 3
Diameter of Colonies of Five Pathogenic Cultures of Fusarium After Five
Days' Growth on Agar,* in mm.
Temperature °C.
Wilt organisms
F. orthoceras . 29-300c D30-239a D30-360 D30-363
7 0.0 2.0 5.5 7.3 7.0
11 8.0 13.3 18.0 21.7, 22.0
16 18.0 27.0 33.3 35.7 37.5
20 37.7 48.3 53.0 52.5 71.5
24 50.0 60.0 70.7 46.0 93.3
28 54.0 64.0 73.0 42.0 94.0
32 39.0 55.7 60.7 24.7 7,4.7
36 25.7 35.0 37.7 20.7 66.0
" Agar made by adding 1 per cent dextrose and 2 per cent agar to a decoction made from
390 grams of potato per liter of water.
Effect of Acid and Alkaline Soils on Development of
Wilt in Peas
In this experiment, calcium hydroxide and aluminum sulfate were
used in varying amounts, thoroly mixed with soil consisting of sandy
loam and sand, half and half. Approximately 1,000 grams of this-soil
was placed in pots, previously sealed at the bottom with paraffin. The
following amounts of salts were added: aluminum sulfate, 1, 5, 10, 15,
and 20 grams; calcium hydroxide, 1, 2, 5, 7, 7.5, and 10 grams. After
being mixed, the soil was allowed to stand in the pots for ten days and
was watered plentifully in the meantime. At the end of the period,
50 grams of soil from each pot was placed in a beaker and 50 cc. of
distilled water was added. The soil solution thus made was tested for
H-ion concentration with a potentiometer. In each series, two pots were
planted with Alaska and two with Prince of Wales peas, 10 seeds to a
pot. In each case, one pot was inoculated with the wilt organism
29-300c and the other was left non-inoculated as a check. At the close
of the experiment, after five weeks, the number of wilted plants was
recorded. Portions of these plants were plated out on agar and the
organism reisolated. Only plants yielding the wilt organism are included
in Table 4.
Table 4 shows that the greatest number of wilted plants appeared in
the series with a pH of 8.52. Wilting occurred over the entire alkaline
range; none was found at pH 5.07 or less.
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Table 4
Effect of Soil Acidity and Alkilinity on the Development of Wilt in
Alaska and Prince of Wales Peas
Amount, Average Per cent Per cent
Salts added grams pH value germination wilted plants
Ca(OH)2  10 9.69 55 18
7.5 9.14 50 20
5 8.84 50 10
2.5 8.52 35 85
1 8.47 40 20
Al2 (So4)3  1 6.45 55 28
5 5.86 40 12
10 5.07 60 0
15 4.69 20 0
20 4.53 5 0
None 7.04 60 34
Effect of Hydrogen-ion Concentration on Growth of Wilt
Pathogens in Pure Culture on Agar
Four cultures of wilt pathogens were grown for 7 days at 16° C.
and at 32° C. on agar having a pH range of from 2.78 to 10.60. Sodium
carbonate (10 per cent) and lactic acid (50 per cent) were added to
the agar in order to obtain the following pH values: 2.78, 3.09, 3.40,
3.48, 5.43, 8.19, 9.65, 10.31, and 10.69. These values were determined
by means of the quinhydrone potentiometer. The agar, together with
the acid or alkali, was poured into petri dishes, 20 cc. to a dish. When
the agar was solid, it was planted with small mycelial transfers, as uni-
formly as possible, at the center of the dish.
Three organisms isolated from wilted peas in Minnesota, together
with the Wisconsin culture of Fusarium orthoceras were used for this
study. The average diameter of the cultures, grown in triplicate on
agar in petri dishes, was recorded at the close of the experiment. These
measurements are given in Table 5. A photograph of the cultures grow-
ing at 16° C. is shown in Figure 7B.
Table 5
Effect of Acidity and Alkalinity Upon the Growth of Four Wilt Organisms
in Pure Culture on Agar at 16 and 32° C., in mm.
Reaction of
medium, in pH
Wilt pathogens and temperatures at which grown
F. orthoceras 29-300C. D30-239a D30-360
16°C. 32°C. 16°C. 32°C. 16°C. 32°C. 16°C.
10.69 17 21 28 33 32 29 17
10.31 20 21 29 38 34 39 20
9.65 35 46 38 , 51 54 74 39
8.19 36 73 42 67 57 75 45
5.43 33 53 45 82 53 68 40
4.38 30 46 38 76 43 64 24
3.40 20 43 21 39 14 24 18
3.09 11 28 14 27 6 9 0
2.78 0 4 6 0 0 0 0
32°C.
18
23
28
29
42
33
12
o
0
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This experiment was repeated twice with similar results, with the
exception that in the eXtreme acid series the organisms showed more
acid tolerance, sometimes at the lower temperature and sometimes at
the higher.
Also, the pH intervals of the second experiment were closer together
near the neutral zone, and the results support the conclusion that the
culture of F. orthoceras grows better in a slightly alkaline medium than
in a slightly acid one. The culture 29-300c, on the other hand, grows
better in a slightly acid medium. Also, the rate of growth of this or-
ganism is faster throughout most of the range studied than that of the
Wisconsin culture.
The culture D30-239a is favored by an alkaline medium; D30-360
is favored by alkalinity at low temperatures and acidity at high tem-
peratures. This conclusion is also supported by the results of a second
test.
The organism 29-300c isolated from wilted peas in Minnesota is
white with considerable purple pigmentation. However, when grown
, on alkaline agar (pH 10.3 or more) this purple pigmentation disappears,
leaving the fungus entirely white. When grown- on acid agar (3.4 pH
or less) it is deep purplish red. Similarly, organism D30-360 is ordi-
narily white with bright red pigmentation. In both the extreme alkaline
and the acid ranges of this study no color, was evident.
Effect of Soil Moisture on Development of Wilt
Linford (20) showed that soil moisture has less influence than tem-
perature upon pea wilt. Moreover, wet soil slightly favors early develop-
ment of symptoms, but drier soil hastens the death of affected plants.
A greenhouse experiment was conducted to study the effect of varying
amounts of soil moisture on the development of wilt caused by culture
29-300c. Six-inch flower pots, corked and sealed at the bottom with
paraffin, were filled with approximately 2,000 grams of well-mixed soil,
having a moisture-holding capacity of 47 per cent. Soil moisture was
maintained at approximately 20, 50, and 90 per cent of the moisture-
holding capacity of the soil. Half of these lots were inoculated with
the culture 29-300c, and half were left uninoculated, serving as checks
The pots were planted in duplicate, ten seeds in each pot. Daily the pots
were brought up to the desired moisture content by weighing them and
adding the necessary amounts of water. These amounts were recorded
and from the time the peas were well up to the end of the experiment
the water was measured out in quantities previously applied. The study
continued for 38 days, when the plants were finally inspected for wilt.
Table 6 shows the results of this investigation.
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Table 6
Effect of Soil Moisture on Development of Wilt in Alaska Peas. Moisture
Percentages on Basis of Water-Holding Capacity
Per cent of wilt at each moisture content
• 20% moisture
72
50% moisture 90% moisture
80 100
These results, altho not extensive, show that under the conditions of
the experiment, Alaska peas develop more wilt with an increase of soil
moisture.
Selection of Wilt-Resistant Strains of Peas
When the wilt pathogen is once established in the soil, it can persist
for several years. Its spread through the soil, however, is slower when
proper rotations are practiced than when peas are grown too often.
When the soil becomes heavily infested with wilt pathogens it can no
longer be used profitably for the growing of peas except by the use of
wilt-resistant varieties or strains. Wilt-resistant varieties of tomatoes,
flax, cotton, cabbage, and other crops have been obtained by selecting
plants that survived on wilt-infested soil. Efforts to make similar selec-
tions in peas have been made at University Farm, St. Paul, Minnesota,
for several years. These consisted principally of making single-plant
selections from the common varieties grown_ for canning as well as of
other varieties. The selections have been made in wilt-infested soil at
LeSueur, Minnesota, and University Farm. The plot at the former
place was located in an area that was infested with the wilt pathogen,
as shown by previous croppings with peas. . The soil was artificially
inoculated by transferring soil from. the LeSueur plot to University
Farm and by inoculating the soil each year with various wilt organisms
(including the Wisconsin strain) grown on artificial media. The Le-
Sueur plot apparently was more heavily infested with wilt, judging
from the greater number of plants that succumbed to the disease. Notes
were taken each year on the severity of Wilt, as well as on other diseases,
on all varieties of peas in the plots. The(plants that showed evidence of
resistance were tagged and the pods, when ripe, were harvested. In
most cases, pods of individual plants were gathered and kept separately.
Thus, 'certain susceptible lines were eliminated and only the apparently
resistant ones were used in further trials. As a result, several individual
plant selections, showing considerable wilt resistance, have been made
from many commercially-grown varieties in Minnesota. However, this
type of work progresses very slowly and it will be some time before de-
sirable resistant strains are available for the pea growers.
Numerous difficulties are encountered in the work of producing wilt-
resistant varieties. First, it is necessary to have a suitable plot of ground.
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If the soil is not already heavily infested with wilt pathogens, it must
be inoculated. There are physiologic forms of the common pea-wilt
pathogen, Fusarium orthoceras var. pisi. Thus, it is essential to have
the soil heavily infested with all of the pathogens, or physiologic forms
of them, that cause wilt of peas in the general pea-growing area.
The process of selecting wilt-resistant strains requires several years.
Plants that appear healthy are selected, but at first one can not be sure
they are truly resistant, for they may have only escaped the disease.
However, after planting the progeny of these strains for a few years
in wilt-infested soil and finding that they still remain healthy, it may be
concluded that such plants have a considerable amount of wilt resistance
in tfieir genetic make-up.
Another difficulty is that of obtaining strains resistant to wilt and
desirable in other characters. Many plants showing wilt resistance may
be off-type and decidedly inferior in quality. These off-type "rogues"
are often found in certain varieties of peas and must be rogued out to
keep the seed uniform and true to type. There has been much specula-
tion as to the nature of rogues, but Renard (31) has recently concluded
that they are due to natural crossing of different pea types in the field.
It is necessary to differentiate between plants of correct type and those
that are off type. In some cases, the difference is great; in others it is
very slight.
After ,the wilt-resistant pea plants have been selected, it may be
necessary to combine other qualities with them by crossing selected plants
in order to obtain the desirable combination of characters. This type of
work was not undertaken in this study.
Seed Transmission of Fusarium Wilt of Peas
Linford (20), in his extensive studies on Fusarium wilt, found no
evidence that the fungus is carried in the seed. Kendrick (17) was
unable to find the wilt organism Fusarium tracheiphilum in cowpea seed,
but found it in 34.6 per cent of the basal ends of the peduncles, and in
4.8 per cent of the apical ends of the peduncles tested. Snyder (32) re-
ported in 1932 that wilt may sometimes be transmitted in the seed of
peas. Four plants out of 8,000 wilted under greenhouse conditions, in-
dicating that this occurrence is rare.
In a study of seed transmission in Minnesota, many wilted plants
were collected in 1930 from a field of badly wilted Alaska peas near
LeSueur. Isolations were made by taking one pod from each of 106
plants. From one to three seeds were used from each pod, varying in
size from small immature to large mature peas. Cultures of Fusarium
were obtained from both small and large peas and from both normal
colored and brownish discolored ones. From six pods, every pea yielded
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a Fusarium culture; the rest of the pods included fewer infected peas.
In all, 26 per cent of the pods yielded cultures of Fusarium. Of these,
30.4 per cent proved to be pathogenic to the Alaska variety. It was'
desirable to determine whether the wilt pathogen occurred in the seed
coat only or if it penetrated the cotyledons of the seed. Thirty-three
isolations were made from either the seed coat or the cotyledons. Over
26 per cent of the isolations from the seed coats yielded Fusaria ; no
cultures were obtained from the cotyledons.
Seeds from badly wilted plants from the same field near LeSueur
were planted in sterile soil in large pots placed in the greenhouse. In
the first pot, 15 non-surface-sterilized seeds were planted, 7 of which
germinated and grew. One plant wilted and the wilt organism was
isolated from it. The seeds from this plant were plated out on agar
but no fungus was obtained. In the second pot, 15 seeds were planted. 8
of which germinated. These seeds were previously surface sterilized
with mercuric chloride (1: 1,000) for two minutes. Six plants wilted
and the pathogen was obtained from three of them. Four seeds from
these wilted plants were plated out and one yielded the wilt organism.
These results show that the wilt pathogen often may be carried in
the seed of peas under Minnesota conditions. In all probability, seed
transmission is more common in lightly infested soil where the plants
escape wilt until almost mature. In the more heavily infested soil, plants
are often wilted in the seedling stage and thus no seeds are produced;
in lightly infested soil the plants often reach maturity and produce seeds
before they succumb to wilt. Transmission of the wilt organism by seed
is probably one of the most common means of introducing wilt into new
localities.
DISEASES OF SWEET CORN IN MINNESOTA
Corn smut, Ustilago zeae (Beck.) Ung., is one of the most widely
distributed and destructive diseases of sweet corn in Minnesota. Losses
from this source were estimated at 2 per cent in 1927, 5 per cent in 1929,
and 3 to 4 per cent in 1930. Because of the prevalence of smut in the
state and no promising method of control, an effort has been made to
select and develop strains of corn that are resistant to smut. Approx-
imately 40 strains in 5 varieties of sweet corn were in-bred for the last
5 years and notes were taken each year recording the prevalence of smut.
Some hybridizing has been done but no conclusive results were obtained.
In the absence of smut-resistant varieties, modification of cultural
practices to reduce smut infection is the only practical control measure.
Growers frequently raise the question of the possibility of influencing
the 'severity of smut infection by fertilization. In order to determine
whether the use of various combinations of commercial fertilizers would
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have an effect on smut development, four field-scale experiments were
carried out in 1930. Four fields in different parts of southern Minne-
sota were used. The following commercial fertilizer combinations were
selected: 0-20-0, 0-14-14, 2-16-8, and 0-0-50. These were applied to the
soil by means of a fertilizer attachment on the planter and, with the ex-
ception of the potash, they were applied at approximately 100 pounds
to the acre. Potash was used at the rate of about 60 pounds to the acre.
Just before the corn was harvested for canning, smut counts were made
on a portion (usually 100 hills) of each row in a field. Table 7 shows
the percentage of hills having smut galls in four fields at three locations
in Minnesota.
Table 7
Effect of Various Fertilizers on the Development of Smut in Four Fields at
Three Locations in Minnesota
Le SueurFertilizer Arlington
combinations
Waseca
Seed farm* Katzenme:er
per cent per cent , per cent per cent
No fertilizer 
- 9.2 10.3 33.4 1 13.7
0-20— 0 7.6 6.3 38.6 16.2
0-14-14 9.7 12.0 40.6 \ 16.2
2-16— 8 12.7 9.6 36.2 16.6
0— 0-50 10.2 6.9 30.9 15.1
•
* Percentages of smut infection were high, probably because the corn plot near by. wag'
artificially inoculated with smut spores.
;
In general, the most smut infections were found in the 'series ' of
sweet corn that had greatest vegetative growth. In most of the phos-
phorus series the plants were considerably smaller and apparently had
less smut than did other fertilizer series. Likewise, they matured earlier.
It is obvious from the data that fertilization does not have a great
effect on the development of smut. Altho the use of fertilizers may
increase yields of corn and have other beneficial effects, it can not be
depended upon as a measure for the control of smut.
Root rot is rather common in Minnesota, especially where sweet
corn has been grown for several years. The ,organism commonly caus-
ing ,this trouble is Gibberella saubinettii (Mont.) Sacc. This disease is
most destructive in years of unfavorable weather and in fields in which
the soil elements are unbalanced. Such a condition was discovered in
many fields by the use of the Hoffer test (6). In such areas, the plants
were greatly stunted and chlorotic, with a much reduced root system.
In the soils tested, potassium was commonly deficient. The use of fer-
tilizers for sweet corn has become a general practice in Minnesota and,
aside from increasing yields, no doubt eliminates much root rot by im-
proving the unbalanced soil of many fields. Experimental results at
University Farm indicate that root rot is more common in infested soil
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when strong, viable seed is planted than when weak seed is used. Plants
from weak seed are often entirely blighted in the seedling stage whereas
plants from strong seed may not succumb but are likely to be infected
with root rot. The same may be true for early and late plantings on
infested soil. Early plantings are more subject to severe weather, thus
more plants die from seedling blight. Late plantings, on the other hand,
are likely to be favored with better weather and have little or no seedling
blight, tho the more susceptible plants may be infected with root rot.
Rust, caused by Puccinia sorghi Schw., altho prevalent on sweet corn.
in Minnesota, probably causes little loss during the average year. How-
ever, with susceptible varieties under favorable conditions for rust de-
velopment, there is a considerable reduction in yield. Golden Bantam,
one of the most susceptible varieties in Minnesota, is often heavily in-
fected with rust. Golden varieties appear to be less susceptible, as also
is Country Gentleman. Crosby is one of the least susceptible of all the
common varieties grown in Minnesota.
Bacterial wilt of corn, caused by Aplanobacter stezvarti E. F. S. was
not observed during .the course of this work.
Seedling blight is a common and destructive disease in Minnesota.
Because of the possibility of reducing losses by seed treatment this dis-
ease has been studied in considerable detail.*
SEEDLING BLIGHT OF SWEET CORN
Nature and Importance of Seedling Blight
Seedling blight is one of the most important diseases of sweet corn
in Minnesota, no doubt because of frequent cool, wet springs, which are
very unfavorable for seed germination and thus for stands of corn.
These poor stands often result from seedling blight, caused in Minne-
sota chiefly by Gibberella saubinettii (Mont.) Sacc.
When plants are infected with seedling blight they usually succumb
quickly, especially if weather conditions unfavorable for plant growth
are greatly prolonged. Seedlings infected in an early stage may be
killed before they emerge from the soil. However, if infection comes
later and the plants emerge, the first observable symptom of blight is
the yellowing of the tips of the leaves. The color gradually changes to
brown and the infected parts become dry. The entire plant soon may
be affected: Such seedlings may either become flaccid and topple over
or retain sufficient rigidity to remain erect.
. Seedling blight of sweet corn is common in Minnesota because of
seed infection or soil infestation by the blight pathogen, together with
unfavorable weather at some time during the planting season. Ordi-
narily, early plantings suffer most, but in occasional years later plantings
may be severely affected. However, some seasons may be favorable
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throughout and result in little or no seedling blight. In 1929, cool and
wet weather continued for several days during the early planting period
and poor stands of sweet corn resulted. Many fields, totaling several
hundred acres, were so badly affected with seedling blight that replant-
ing was necessary. In many cases reduction in stand is less, and, tho
not to the extent of replanting, considerable loss results from missing
hills and thus a. decreased total yield.
Seed Treatment for the Control of Seedling Blight
Many types oft disinfectants have been used on sweet corn with the
hope of finding a practical method of controlling seed-borne diseases. In
the pioneer work with seed disinfectants, liquid treatments were com-
monly used. Valleau (34) tested out a large number of chemical-soak
treatments for root rot of corn but was unable to find a control for the
disease. Later, Branstetter (2) disinfected seed corn in mercuric chlor-
ide (1: 1,000) for one hour and obtained material reductions in root and
stalk rots under field conditions. Many other investigations have dealt
with this problem. Later, dust treatments were introduced and soon
became more popular than the liquid methods because they are easier
to use, there is less danger of injury to the seed, and they are equal %or
superior in effectiveness. Organic mercury dusts have recently been
used extensively in experimental tests on seed corn in many corn-grow-
ing states.
According to Reddy et al. (30), sweet corn seed infected with Gib-
berella saubinettii and Diplodia zeae was benefited considerably when
treated with mercury dusts and liquid treating compounds. Likewise,
Melhus et al. (25) reported that Gibberella saubinettii, Basisporium gal-
laruln, and Diplodia zeae are responsible for considerable loss to field
corn in Iowa, and that seed carrying these organisms are greatly bene-
fited by the use of mercury treatments. Reddy and Holbert (29) re-
ported beneficial results from the use of both liquid and dust compounds
on Diplodia-infected seed of Country Gentleman sweet corn. Raleigh
(27) more recently reported increases in yield of over 30 per cent, by
the use of mercury dusts on Diplodia-infected dent corn. Holbert et al.(9) obtained considerable increases in yield by the use of mercury dusts
on four varieties of yellow dent seed corn. Especially was this true of
seed infected with Diplodia, Gibberella, and Basisporium. Moreover,
they showed that seed treatments were especially beneficial when plant-
ings were followed by periods of unfavorable weather. Furthermore,
some varieiies of corn are benefited more than others. Kiesselbach (19)
found (1925-28) that under Nebraska conditions field corn heavily in-
fected with Diplodia received some benefit from mercury dusts, but that
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nearly disease-free seed and farm-selected seed showed no significant
benefit. However, Koehler and Holbert (18), in 1928 and. 1929, ob-
tained an increase of about 3 bushels per acre by the use of mercury-
treated field corn sent in by farmers in central Illinois. These results
were verified and extended by Holbert and Koehler (10) in 1931.
Dickson (3) concluded that soil temperature is\ the most important
single factor in determining the extent of seedling blight. The most
favorable temperature for blighting corn seedlings ranged from 8 to
20° C. Above 24° no blighting occurred. - Peterson (26) found that
corn seedlings may or may not be blighted, depending upon the ability
of the plant to produce a secondary root system. If secondary roots are
produced before the mesocotyl region is rotted through, the plant has a
chance to overcome blight; otherwise it dies.
Experiments were started in Minnesota in 1927 and have been car-
ried on for five years. During this period, extensive experiments have.
been made with various disinfectants on several varieties of sweet corn
seed at six places in southern Minnesota.
Experimental Methods
•
During the course of these investigations both liquid and dust treat-
ments were used. In the former was included Dipdust, Semesan, and
Uspulun soaks; in the latter Dipdust, Semesan Jr., Merko, Sterocide,
Bayer dust, WaWa, DuPont dusts K. I. D. and K. I. C., Corona, Fungo,
Fur fural dusts E2C, 31D, and 575, American Cyanamid Co. No. 21, and.
Plantaide. However, in the more recent experiments, only dust treat-
ments were used and these, in most cases, were reduced to three or less.
The dust was used ordinarily at the rate of 2 or 3 ounces per bushel,
but in a few cases in which experiments were conducted on a large scale,
the seed was treated with an increased amount of, dust in a commercial
mixing machine, the excess dust remaining behind. The most important
commercial varieties grown in the state were used in the tests—Crosby,
Golden Bantam, Golden, Country Gentleman, Early Evergreen, Bantam
Evergreen, Golden Evergreen, and Early White Evergreen. Ordinarily,
healthy commercial seed was used, but in a few cases Gibberella-infected
seed were grown. These varieties were planted in plots at Watertown,
LeSueur, Olivia, Dodge Center, Winnebago, Arlington, Waseca, and
University Farm. The number of plots varied from three to six each
season, except in 1931, when plantings were made only at University
Farm. In most cases, each variety with its particular treatment was
planted in rows of 25 hills each 3 feet apart both ways, with 3 kernels
to the hill, replicated from 2 to 12 times. Border rows were planted at
both sides of the plot and at both ends of each row. Stand data were
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taken from three to four weeks after planting, and yields were computed
in pounds per acre when the corn was in the canning stage, except in
1927 when they were computed at maturity. In all _cases, husks were
removed and the corn was weighed immediately.
Results of Experiments
The results of the first two years (1927 and 1928), which were ob-
tained by former Minnesota Canners' Association Fellows; will be sum-
marized briefly; those for the rest of the period will be given in detail.
During the spring of 1927 cool and wet weather prevailed and seed
treatments gave considerable increases in stand and yield. Healthy
seed treated with Bayer dust, Semesan Jr., and Dipdust and planted at
five places in Minnesota, gave average increases over non-treated seed of
2.6, 2.0, and 1.4 per cent in stand and 0.4, 4.6, and 3.6 per cent in yield
for the respective dusts. When diseased seed was used, the following
average increases were obtained: Semesan Jr. 17.0, Bayer dust 12.4,
and Dipdust 9.3 per cent. At University Farm, healthy Golden Banta'm
seed treated with Semesan Jr. and replicated eight times in plantings on
both May .28 and June 21, gave increases in stand of 4.1 and 18.9 per
cent, respectively, over non-treated seed. Liquid treatments on healthy
seed gave .slightly better results than did dust treatments.
In general, the results of seed treatments in 1928 confirm those of
the previous year. Healthy seed treated with organic mercury dusts
and planted at five places in Minnesota gave the following average in
: in stand—Dipdust 5.2, Merko 2.9, and Semesan Jr. 4.7 per cent;
in yield—Dipdust 19.6, Merko 4.0, and Semesan Jr. 11.5 per cent.
Gibberella-infected Crosby and Golden Bantam seed, treated and planted
at two places in Minnesota, gave the following average increases in stand
and yield: stand—Dipdust 15.2, Merko 11.3, and Semesan Jr. 10.8 per
cent; yield—Dipdust 31.5, Merko 15.4, and Semesan Jr. 20.0 per cent.
Bayer dust and WaWa dust, used only on Gibberella-infested Crosby
seed at University Farm, gave an average increase in stand of 4.5 and
3.8 per-cent and in yield of 17.9 and 37.7 per cent, respectively. Various
liquid treatments-on healthy and Gibberella-infected sweet corn did not
give significant increases, whereas dust treatments gave an average in-
crease in yield of 4.0 and 8.8 per cent, respectively.
During the spring of 1929 further trials were made with the organic
dusts on four varieties of sweet corn at five places in Minnesota. Be-
cause liquid treatments were, in most cases, inferior to dust treatments,
and that additional labor was involved in their use, only dust treatments
were used in these and subsequent experiments. Three of the more
promising dusts, Bayer Dust, Dipdust, and Semesan Jr., were used in
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treating healthy seed of Golden Bantam, Crosby, and a Golden variety.
In addition, a lot of Bantam Evergreen infected with Gibberella was
used along with healthy seed. The location of each plot and the date
of planting are as follows: Arlington, May 9 and June 4; LeSueur, May
16; Faribault, May 21; and Dodge Center, May 22. All varieties and
dusts were used at each place, and the treatments were replicated four
times, each replication consisting of rows with 25 hills 3 feet apart, with
3 kernels to a hill. The weather during May and June, 1929, was favor-
able for the germination and growth of corn. Little blight was observed
in the plots, altho the percentage of germination was poor in the Bantam
Evergreen. Only corn suitable for canning was inducted in the weights
of good corn. Data of yields are not available for the plots at Dodge
Center.
The data for stand and yield are summarized in Tables 8 and 9, in
which it will be observed that under the conditions of the experiment,
which were unfavorable for seedling blight, the results were variable
and relatively little benefit was obtained from seed treatment.
Table 8
Stands of Four Varieties of Sweet Corn Following Seed Treatment with
Three Different Dusts and Planted in Plots Replicated Four
Times at Five Localities in Minnesota in 1929
Place and
. time of
planting
Variety Treatment
Stand,
per
cent
Comparison with check
Difference* Diff./P.E.
Arlington
May 9 Bantam Evergreen Check 51.3 ••••
do Bayer . 52.9 +1.6+1.56 1.02
do Dipdust 50.2 +1.1+1.50 0.72
do Semesan Jr. 55.3 +4.0+1.61 2.48
Crosby Check 92.0 ••••
do Bayer 90.2 -1.8+2.76 0.65
do Dipdust 88.2 -3.8+2.70 1.40
do Semesan Jr. 92.6 +0.6+2.82 0.21
Golden Bantam Check 80.9 ••••
do Bayer 82.6 +1.7+2.47 0.68
do Dipdust 82.6 +1.7+2.43 0.69
do Semesan Jr. 85.6 +4.7+2.54 1.85
Del Maiz Check 91.3 ••••,
do Bayer 91.6 +0.3+2.76 0.10
do Dipdust 92.9 +1.6+2.74 0.58
do Semesan Jr. 92.0 +0.7+2.80 0.25
LeSueur
May 16 Bantam Evergreen Check 51.3 • • • •
do Bayer 54.6 +3.3+1.95 1.69
do Dipdust 59.6 +8.3+1.59 5.22
do Semesan Jr. 57.3 +6.0+2.05 2.92
Crosby Check 92.9
• • • •
do Bayer 88.9 -4.0+3.34 1.19
do Dipdust 90.9 -2.0+2.72 0.73
do Semesan Jr. 86.6 -6.3+3.67 1.71
* Probable error calculated by the method of deviation from the mean, using Student's
formula.
Table 8-Continued
c
Place and
time of Variety
planting
Treatment
Stand,
per
cent
Comparison with check
Difference* Diff./P.E.
LeSueur
May 16 Golden Bantam Check • 71.6 ••••
do Bayer 81.6 +10.0+2.85 3.50
do Dipdust 83.3 +11.7+2.22 5.27
do Semesan Jr. 79.3 +7.7+3.17 2.42
Del Maiz Check 92.6 • • • •
do
do
Bayer
Dipdust
90.6
94.0
-2.0+3.37
+1.4+2.73
0.59,
0.51
do Semesan Jr. 91.6 -1.0+3.70 0.27
Faribault
May 21 Bantam Evergreen
,
Check 56.0 ••••
do Bayer - 56.0 0.0+1.25 0.0
do Dipdust 50.0 -6.0+1.64 3.65
do Semesan Jr. 50.0 -6.0+2.02 2.97
Crosby Check 94.9 ••••
do Bayer 95.2 +0.3+2.59 0.11
do Dipdust 92.2 -2.7+2.91 0.92
do Semesan Jr. 90.6 7-4.3+3.50 1.22
Golden Bantam Check 80.2 ••••
do
do
Bayer ,
Dipdust
74.6
77.3
-5.6+2.13
-2.9+2.44
2.62
1.18
do Semesan Jr. 82.9 +2.7+3.11 0.86
Del Maiz Check 90.2 ••••
do Bayer 94.2 +4.0+2.50 1.60
do Dipdust 90.9 +0.7+2.82 0.24
do Semesan Jr. 91.6 +1.44-3.57 0.39
Dodge Center
May 22 Bantam Evergreen Check 38.6 • • • •
do Bayer 45.3 +6.7+2.04 3.28
do Dipdust 43.0 +4.4+2.06 2.13
do Semesan Jr. 40.0 +1.4+1.53 0.91
Crosby Check 82.6 • • • •
do Bayer 78.6 -4.0+3.84 1.04
do Dipdust 84.4 +1.8+4.16 0.43
do Semesan Jr. 86.6
.
+4.0+3.21S 1.24
Golden Bantam Check 60.8 7 • • •
do Bayer 64.4 +3.6+3.01 1.19
do Dipdust 67.6 +6.8+3.13 2.17
do Semesan Jr. 68.9 +8.1+2.52 3.21
Del Maiz Check 85.3 • • •
do Bayer 82.6 -2.7+4.01 0.67
do Dipdust 84.0 -1.3+4.21 0.30
do Semesan Jr. 84.9 +0.4+3.34 0.11
University Farm
May 24 Bantam Evergreen Check 50.9 ••••
do Bayer 53.6 +2.7+1.27 2.12
do Dipdust 52.0 +1.1+1.45 0.78
do Semesan Jr. 46.2 -4.7+2.12 2.21
Crosby Check 88.6 ••••
do Bayer 91.6 +3.0+2.20 1.36
do Dipdust 89.3 +0.7+2.52 0.27
do Semesan Jr. 90.2 +1.6+2.71 0.59
* Probable error calculated by the method of deviation from the mean, using Student's
formula.
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Table 8-Continued
Place and Stand, Comparison with check
time of Variety Treatment per
planting cent - Difference* Diff./P.E.
University Farm
May 24
Arlington
June 4
Golden Bantam Check 74.2
• • • •
do Bayer 81.6 +7.4+1.88 3.93
do Dipdust 78.2 +4.0+2.15 1.86
do Semesan Jr. 79.3 +5.1+2.33 2.18
Del Maiz Check 86.3 • • • •
do Bayer 93.3 +7.0+2.18 3.21
do Dipdust 94.0 +7.7+2.56 3.00
do Semesan Jr. 91.3 +5.0+2.70 1.85
Bantam Evergreen
do
Check ,
Bayer
t
53.6
....
••••
do Dipdust 59.6 ••••
do Semesan Jr. 56.0 . • • •
Crosby Check 90.0 • • • •
do Bayer 94.0 +4.0+2.69 1.48
do Dipdust 96.2 +6.2+2.68 2.31
do Semesan Jr. 97.3 +7.3+2.48 2.94
Golden Bantam Check 86.0 ••••
do Bayer 88.6 +2.6+2.55 1.01
do Dipdust 88.9 s +2.9+2.52 1.15
do Semesan Jr. 91.6 +5.6+2.35 2.38
Del AIaiz Check 92.0 • • • •
do Bayer 95.6 +3.6+2.75 1.30
do Dipdust 92.0 0.0+2.67 0.0
do Serriesan Jr. 95.6 +3.6+2.50 1.44
* Probable error calculated by the method of deviation from the mean, using Student's
formula.
f Insufficient non-treated seed of this variety.
Table 9
Yields of Four Varieties of Sweet Corn Following Seed Treatment with
Three Different Dusts and Planted in Plots Replicated Four
Times at Five Localities in Minnesota in 1929
Place and
time of
planting
Variety Treatment
Weight, in
pounds, of
corn per
replication
Comparison with check
Difference* Diff./P.E.
Arlington
May 9 Bantam Evergreen Check 19.8 ••••
do Bayer 26.4 +6.6+1.68 3.92
do Dipdust 22.5 +2,7+1.31 2.06
do Semesan Jr. ' 24.9 +5.1+1.61 3.16
Crosby Check 38.0 ••••
do Bayer 37.1 -0.9+2.34 0.38
Jo Dipdust 36.7 -1.3+2.37 0.54
do Semesan Jr. 37.0 -1.0+2.69 0.37
Golden Bantam Check 32.1 ••••
do Bayer 38.4 +6.3+2.55 2.47
do Dipdust 38.3 +6.2+2.17 2.85
do Semesan Jr. 33.9 +1.8+2.36 0.76
Del Maiz Check 40.0 ••••
. do Bayer 38.0 -2.0+2.81 0.71
do Dipdust 39.0 -1.0+2.50 0.40
do Semesan Jr. 44.7 , +4.7+3.04 . 1.54
* Probable error calculated by the method of deviation from the mean, using Student's
formula.
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Table 9-Continued
Place and
time of Variety
planting
Treatment
Weight, in
pounds, of
corn per
replication
Comparison with check
Difference* Diff./P.E.
LeSueur
May 16 Bantam Evergreen Check 22.9 ••••
do Bayer 22.6 -0.3+1.20 0.25
do Dipdust 27.5 +4.6+1.26 3.65
do Semesan Jr. 25.5 +2.6+1.18 2.20
Crosby Check 33.3 ••••
-do Bayer 31.2 -2.1+1.68 1.25
do Dipdust 34.0 ' +0.7+1.65 0.42
do Semesan Jr. 36.8 +3.5+1.72 • 2.03
Golden Bantam Check 29.5 ••••
do Bayer 33.3 +3.8+1.69 2.24
do
.do
Dipdust
Semesan Jr.
36.5
31.7
+7.0+1.66
+2.2+1.49
4.21
1.47
Del Maiz Check 39.2 ••••
do Baker ' 37.8 -1.4+2.03 0.68
do Dipdust 40.3 +1.1+1.96 0.56
do Semesan Jr. 37.0 -2.2+1.83 1.20
Faribault
May 21 Bantam Evergreen Check 23.7 • • • •
do Bayer 27.3 +3.6 f
do Dipdust 26.0 +2.3
do Semesan Jr. 25.3 +1.6
Crosby Check 26.5
do Bayer 24.6 -1.9
do Dipdust 26.0 -0.5
do Semesan Jr. 27.1 +0.6
Golden Bantam Check 29.1
do
do •
Bayer ,
Dipdust
28.5
29.2
-0.6
+0.1
do Semesan Jr. 27.9 -1.2
Del Maiz Check 37.6
do Bayer 38.1 +0.5
do Dipdust 36.4 -1.2
do Semesan Jr. 39.9 " ' • +2.3
University Farm ..
May 24 Bantam Evergreen Check 27.5
do Bayer 28.3 +0.8
do Dipdust 28.2 +0.7
do Semesan Jr. 29.6 +2.1
Crosby Check 30.0
do Bayer 29.5 -0.5
do Dipdust 27.8 -2.2
do Semesan Jr. 29.2 -0.8
Golden Bantam Check 26.0
do Bayer 30.5 +4.5
do Dipdust 29.4 +3.4
do Semesan Jr. 30.1 +4.1
Del, Maiz Check 40.9
do Bayer 41.4 +0,5
do Dipdust 44.1 +3.2 •
do
.
Semesan Jr. 37.8 -3.1
* Probable error calculated by the method of deviation from the mean, using Student's
formula.
t Data for separate replications not available.
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Table 9—Continued
Place and
time of
planting
Arlington
June 4
Variety Treatment
Weight, in
pounds, of
corn per
replication
Comparison with check
Difference* Diff./P.E.
Bantam Evergreen Check t
do Bayer 31.2
do Dipdust 32.8
do Semesan Jr. 31.5
Crosby Check 35.1
do Bayer 40.3 +5.2
do Dipdust 33.9 —1.2
do Semesan Jr. 34.9 —0.2
Golden Bantam Check 29.4
do Bayer 35.2 +5.8
do Dipdust 38.5 +9.1
do Semesan Jr. 33.5 +4.1
Del Maiz Check 42.2
do Bayer 41.8 —0.4
do Dipdust 42,5 +0.3
do Semesan Jr. 46.5 +4.3
* Probable error calculated by the method of deviation from the mean, using Student's
\ formula.
Insufficient non-treated seed of this variety.
In a field at LeSueur, seed of Del Maize treated with Semesan Jr.
and non-treated was planted May 21 and 22. Stand counts were made
on plots of 200 hills each, replicated three times. There was an aver-
age of 469.3 plants in each replication in the non-treated corn and 483.0
in the plots treated with Semesan Jr.
Additional experiments dealing with seed treatments were made at
University Farm on hand-planted plots. Eight dusts were used on
Crosby seed planted in rows of 25 hills, 3 feet apart each way, with 3
kernels to the hill, and replicated four times. Of the dusts, three were
furfural compounds: namely, E2C, 31D, and 575, obtained from Iowa
State College, where they had been used with considerable success (28,
36). Dust No. 21 was furnished by the American Cyanamid Company.
A non-poisonous Corona dust was also used.
The day after planting a light rain fell, followed by numerous show-
ers until after seed germination. The results are given in Table 10.
The results show thai this variety of corn, under the conditions of
the experiment, was not benefited by treatment with various dusts.
Altho the stand was somewhat increased by some of the dusts, the yield,
with one exception, was slightly decreased. However, most of these
results are within the limits of experimental error.
•
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Table 10
Mean Stands and Yields of Crosby Corn Treated with Eight Dusts, in Plots
Planted May 3 and Replicated Four Times at University Farm in 1930
Dust
Sterocide  
Semesan Jr 
Corona  
E2C 
31D  
575 
Fungo 
No. 21  
None  
Stand,
per
cent
Yield
per replica-
tion, pounds
83.6+6.2* 17.2+1.86
83.6+5.5 17.1+1.04
82.6+4.5 16.3+2.10
90.0+4.4 17.7+1.18
87.3+5.2 16.9+1.50
82.6+3.7 16.6+1.92
83.64:6.0 17.2+1.32
74.0+4.8 15.2+0.87
82.0+5.1 17.5+1.65
* Probable error determined by the method of deviation from the mean using Student's
formula.
Factors Influencing the Development of Seedling Blight and the
Effectiveness of Seed Treatment
Altho many of the seed treatments significantly increased stand and
yield, in some cases no benefits resulted and even decreases in yield were
obtained. The reasons for this variation were not always evident' altho
observations indicated that weather conditions after planting were the
most important. The condition of the seed, the location of the plots,
or the variety of corn used, also might be of importance. For this rea-
son, additional experiments were planned with the view of determining
the importance of these factors in the development of seedling blight
and in the effectiveness of the seed treatment.
Effect of fertilizers.—From the nature of seedling blight it is
conceivable that soil fertility might have a significant influence on its
development. Hoffer and Carr (7) have shown that soil fertility has a
pronounced influence on the development of root rot. Soil deficient in
phosphorous was especially favorable for the development of root rot,
and the application of phosphate produced plants which were better and
more resistant to root rots. To determine the effect of various fertilizer
compounds, experiments were carried on at two places in 1930: one on
a 15-adre field at Arlington and the other on a 6-acre field at Waseca.
Four fertilizer combinations were used: 0-24-0, 0-14-14, 3-18-9, and
0-0-50. Half of the rows in each of these plots were planted with corn
treated with Semesan Jr. and half with non-treated corn by means of a
corn planter with a fertilizer attachment. These fields were planted and
cultivated by the grower in the ordinary manner. At Arlington, three
plantings of five acres each were made on the following dates: May 16,
May 23, and May 29. On each date of planting, each fertilizer com-
bination was used on 12 rows across the field. In each of these 12-row
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series, half were planted with corn treated with Semesan Jr.; the other
half were planted with non-treated corn from the same lot of seed.
Stand counts were made on rows of 25 hills each, across both ends of
the field.
Rainfall was abundant before the field was planted and throughout
the growing season. The temperature was favorable for germination as
well as for subsequent growth.
The results of this experiment are given in Table 11.
The soil of this field apparently was fairly well supplied with riu-
trients and the excess fertilizer was of little or no value in increasing,
the stand. Also each of the three plantings was accompanied and fol-
lowed by favorable weather conditions for seed germination, a fact which
may, in part, account for the failure of the treatments to increase the
stand. The seed treatmepts in this experiment apparently resulted in a
decreased stand.
The experiment at Waseca was similar to the one at Arlington except
that there was only one planting and only four rows in each fertilizer-
seed-treatment series, instead of six. In addition, 3-18-9 and 0-24-0
fertilizers were used in place of 2-16-8 .and 0-20-0 combinations. The
results are given in Table 12.
Table 11
Stand of Golden Bantam Sweet Corn, Treated and Non-treated, Planted with
Various Fertilizers at Three Dates, in a Commercially Planted Field
at Arlington in 1930 (Total Plants per 300 Hills)
Fertilizer
combinations and
treatments
Date of planting Mean no.
of plants
and P.E.*
Increase
or de-
crease in
treated
over
non-
treated
Increase or
decrease in
fertilized
over non-
fertilized
and no seed
treatment
May 16 May 23 May 29
.
per cent per cent
No fertilizer—no seed treatment 700 721 802 741+
33.3
No fertilizer—Semesan Jr. 663 665 799 709+ —4.31
31.9
0-20-0—no seed treatment 722 648 842 737+ —0.49
33.1
0-20-0—Semesan Jr. 599 607 741 649+ —11.98
29.2
0-14-14—no seed treatment 684 632 793 703+ —5.12
31.6
0-14114--Semesan Jr. 689 639 819 716+ +1.80
32.2
2-16-8—no seed treatment 646 704 783 711+ —4.09
31.9
2-16-8—Semesan Jr. 588 624 772 661+ —6.98
29.7
0-0-50—no seed treatment 668 720 826 741+ 0.00
33.3
0-0-50—Semesan Jr. 714 655 738 702+ —5.21
31.5
* Probable error determined by the method of deviation from the mean using Student's
formula.
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Table 12
Mean Stand of Golden Bantam Sweet Corn with Various Fertilizers in a Field
at Waseca Planted May 19 and 20, 1930 (Total Plants per 100 Hills)
Fertilizer
combination and
seed treatment
No. of
.
reph-
cations
Mean
no. of
plants
Increase or
decrease in
treated
over non-
treated
Increase or
decrease in
fertilized
over non-
fertilized
No fertilizer—non-treated 6 27
per cent per cent
No fertilizer—Semesan Jr 4 271 —1.45
0-14-14—non-treated 4 239 —13.10
0-14-14—Semesan Jr. 2 254 +6.27
3-18-9—non-treated 4 260 —5.45
3-18-9—Semesan Jr 2 264 +1.53
0-24-0—non-treated 5 285 +3.63
0-24-0—Semesan Jr. 1 255 —710.50
0-0-50—non-treated 4 266
—3.27
0-0-50—Semesan Jr 2 226
—15.03
In general, these results are similar to those of the Arlington ex-
periment. The soil of this field apparently was poorer in nutrients, yet
fertilization did not consistently improve the stand. Likewise, the f er-
tilizers did not increase the effectiveness of the seed treatments. This
planting, also, was followed by weather favorable for seed germination.
Altho fertilizers have a recognized value in increasing the yield and
quality of corn, the results of these experiments indicate that they are
of little or no value in reducing the amount of §eedling blight or in
increasing the effectiveness of seed treatments. ' However, it is realized
that on other soil types the results may have been different and that it
would be desirable to make further tests in different localities.
Influence of weather during the period of germination.—Field
observations indicate that the prevalence of seedling blight is markedly
influenced by the weather prevailing during the two or three weeks
following the time of planting. Plantings followed by warm weather
with sufficient moisture for germination usually show a minimum of
blight; those followed by cool, rainy weather ,usually result in poor stands
.and are heavily blighted. It was also observed that no benefits were
gained from seed treatment when planting was followed by warm, .sunny
weather. On the other. hand, marked increases in stand and yield were
often obtained when planting was followed by wet, cool weather. In
order to obtain more aCcurate information on the influence of weather,
a number of experiments were made.
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Table 13
Effect of Seed Treatments on Golden Bantam Sweet Corn, Planted at Weekly
Intervals in Three Replications, Throughout the Planting
Season at University Farm in 1930
Date planted Seed
treatment
Stand, Increase over
per non-treated,
cent per cent
Av.
no. of
ears
Apr. 26 No dust 72.4 57.3
Apr. 26 Semesan Jr. 83.5 15.3 69.7
May 3 No dust 80.4 68.7
May 3 Semesan Jr. 89.7 11.5 72.3
May 10 No dust 21.7 30.3
May 10 Semesan Jr. 40.0 84.3 49.3
May 17 No dust 80.8 67.3
May 17 Semeson Jr. 84.4 4.4 69.3
May 24 No dust 86.6 63.0
May 24 Semesan Jr. 89.3 3.1 70.3
May 31 No dust 87.5 61.6
May 31 Semesan Jr. 89.7 2.5 67.6
Av. Increase or
yield of decrease,
corn, lb. per cent
_
14.83
16.58 +11.8
16.75
18.92 +12.9
6.58
11.00 +67.1
17.70
16.60 -2.9
13.58
16.50 +21.5
13.75
15.83 +15.1
In 1930 and 1931 plots of treated and non-treated sweet corn were
planted at weekly intervals throughout the planting season in order to
compare the effectiveness of dust treatments during unfavorable weather
with that during more favorable weather. In 1930, Golden Bantam
sweet corn, treated with Semesan Jr., was planted each week, for six
weeks, during the planting season. The first planting was made on
April 26 and the last on May 31. Three replications were made on each
date, each replication consisting of a row of 25 hills,. 3 feet apart each
Way, with 3 kernels to a hill. In Table 13 stand and yield data are
given. ,The latter includes both the number and the weight of good
ears harvested in the canning stage.
The results indicate that the stand and yield of Golden Bantam seed
may be greatly increased by the use of mercury dusts. This benefit
varies according to the prevailing weather at and following planting.
The results can be seen best by studying the records of temperature
and rainfall for the planting period from April 26 to May 31, shown
graphically in Figure 8. For example, after, the planting on May 10
the temperature was very low and soil moisture was abundant thus, the
stand and yield of this planting was greatly increased by seed treatment.
The significance of the data in Table 13 has been determined by
Student's pairing method. The odds that the benefits from treatment
with Semesan Jr. are significant are as follows: Per cent stand= 68:1,
average number of ears = 199 :1 average weight of corn = 48.5:1.
In 1931, another series of seed treatment experiments was carried
on at University Farm, primarily to study the effect of weather condi-.
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tions on seedling blight. Golden Bantam and Del Maiz varieties were
treated with Sernesan Jr. and E2C, the latter being one of the more
promising furfural dusts prepared by the Iowa State College of Agri-
culture. Seven weekly plantings were made—the first on April 14 and
the last on May 26. These were planted in two plots, one being inocu-
lated with Gibberella saubinettii at planting time and the other without
inoculum. The Gibberella was grown on a wheat-oat medium and
approximately 10 grams of this was put in each hill. There were 21
hills to each row, hills 3 feet apart, with 3 seeds to the hill. The results
are given in Table 14. Owing to excessive drought in midsummer, yields
are not included.
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Fig. 8. Mean Daily Air Temperatures (Above), and Amount of Rainfall (Below),
- from April 29 to June 2, 1930, at University Farm, St. Paul, Minn.
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Table 14
Effect of Seed Treatment on the• Stand of Two Varieties of Sweet Corn
Planted at Weekly Intervals in Soil Inoculated and Non-Inoculated
with Gibberella at University Farm in 1931
Date
planted
Time
required
for plants
to emerge,
days
Variety
Soil
inocu-
lation
Treatment
and per cent stand
Per cent increase
or decrease
None SsaetZei:. E2C
Seme-
san Jr. E2C
Apr. 14 27 Golden Bantam None 32 47 43 +46.8 +34.3
Apr. 14 27 Golden Bantam Gibb. 27 46 37 +70.3 +37.0
Apr. 14 27 Del Maiz None 41 37 47 -9.7 +14.6
Apr. 14 27 Del Maiz Gibb. 14 51 51 +264.2 +264.2
Apr. 22 24 Golden Bantam None 40 46 48 +15.0 +20.0
Apr. 22 • 24 Golden Bantam Gibb. 7 27 15 +285.7 f +114.2
Apr. 22 24 Del Maiz None 42 42 49 0.0 \ +16.6
Apr. 22 24 Del Maiz Gibb. 8 17 21 +112.5 +162.2
Apr. 28 21 Golden Bantam None 49 55 61 +12.2 +24.4
Apr. 28 21 Golden Bantam Gibb. 12 32 40 +166.6 +233.3
Apr. 28 21 Del Maiz None 46 47 49 +2.1 +6.5
Apr. 28 21 Del Maiz Gibb. 15 34 39 +126.6 +160.0
May 7 17 Golden Bantam None 55 58 62 +5.4 +12.7
May 7 17 Golden Bantam Gibb. 41 53 51 +29.2 +24.3
May 7 17 Del Maiz None 51 57 57 +11.7 +11.7
May 7 17 Del Maiz Gibb. 23 42 43 -+82.6 +86.9
May 13 13 Golden Bantam None 62 60 59 -3.2 -4.8
May 13 13 Golden Bantam Gibb. 43 59 56 +37.2 +30.2
May 13 13 Del Maiz None 56 58 56 +3.5 0.0
May 13 13 Del Maiz Gibb. 38 49 52 +28.9 +36.8
May 19 10 Golden Bantam None 46 57 58 +23.9 +26.0
May 19 10 Golden Bantam Gibb. 23 58 61 +152.1 +165.2
May 19 10 Del Maiz None 55 49 61 -10.9 +10.9
May 19 10 Del Maiz Gibb. 55 54 60 -1.8 +9.0
May 26 8 Golden Bantam None 45 48 42 +6.6 -6.6
May 26 8 Golden Bantam Gibb. 20 53 55 +165.0 +175.0
May 26 8 Del Maiz None 50 54 53 +8.0 +6.0
May 26 8 Del Maiz Gibb. 51 47 48 -8.0 -5.8
It will be noted that there is much variation in the stands of the
weekly plantings. When the first planting was made on April 14 the
average soil temperature was 58° F. but soon rapidly fell almost to 40°.
The next three plantings were made when the soil temperature was
between 400 and 45° F. Soon it began to rise gradually with consider-
able fluctuation, and reached the high mark of 72° F. on June 3. The
average soil temperatures with rainfall data during the planting period
are shown graphically in Figure 9.
The results of this study show that sweet corn, planted in soil inocu-
lated with Gibberella, may be greatly benefited by treatments with
mercury dusts, depending upon the severity of weather following plant-
ing. In soil to which no Gibberella was added, the stands were also
increased but to a lesser degree. The merits of the two dusts used, E2C
(a furfural compound) and Semesan Jr., appear to be about equal.
Golden Bantam sweet corn responded to treatment somewhat better than
did Del Maiz under the different conditions of the experiment. The
average increase in stand for all dates of planting are shown in Table 15.
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Table 15
Average Increase in Stand Following Seed Treatment of Two Varieties of
Sweet Corn Planted at Seven Weekly Intervals in Inoculated and Non
Inoculated Soil at University Farm in 1931
Golden Bantam Del Maiz
No inoculum ' Gibberella No inoculum Gibberella
SemesanJr. E2C SemesanJr. E2C Semesan Jr. E2C SemesanJr. E2C
Per cent increase 15.2 15.1 129.4 111.3 0.6 9.4 86.4 101.9
Odds* 63.5:1 43:1 768:1 297:1 1.58:1 499:1 38:1 87.5:1
* Student's pairing method.
In the winter of 1929-30 a greenhouse experiment was made to de-
termine the effect of different temperatures upon the time required for
sweet corn to germinate and also their effect on the development of
seedling blight when treated with Semesan Jr., in soil inoculated with
Gibberella and non-inoculated. Del Maiz sweet corn was grown in
pots in temperature tanks at 12, 15, 18, and 21° C. At each temperature
four pots were inoculated with Gibberella and four were used as checks.
Two of the former were planted with seed treated with Semesan Jr.
in pots of sand, 10 seeds to a pot. All pots were kept uniformly moist
by watering excessively and removing the surplus water with a suction
pump. The time required for the first plant and the first five plants to
emerge was recorded for each lot. The results are given in Table 16.
After 40 days the plants were removed and examined, for root and
mesocotyl infection. Photographs of those plants from seed treated
with Semesan Jr. and planted in sand inoculated with Gibberella and
the corresponding series of plants from non-treated seed are shown in
Figures 10 and 11. The number of plants remaining in each series at
the end of the experiment is given for each temperature, in Table 16.
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Fig. 9. Average Soil Temperatures (Above), and Amount of Rainfall (Below), from
April 14 to June 7, 1931, at University Farm, St. Paul, Minn.
39
Fig'.' 10. Del Maiz Sweet Corn Seedlings Surviving After 40 Days' Growth at 12
and 15° C. Soil Inoculated with Gibberella saubinettii
Seedlings above from seed treated with Semesan Jr.; seedlings below not treated.
40
Fig. 11. Del Maiz Sweet Corn Seedlings Surviving After a 40 Days Growth at 18
and 21° C. in Soil Inoculated with Gibberella saubinettii
Seedlings above from seed treated with Semesan Jr.; seedlings below not treated.
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Table 16
Time, in Days, Required for. the Emergence of the First and the First Five
Plants, Together with the Total Number of Emerged Plants of Del
Maiz Sweet Corn Treated with Semesan Jr. and Planted in
'Soil Inoculated with Gibberella at Different Tem-
peratures in the Greenhouse
No: days
for emergence of Av. no. of plants
Soil and seed treatment Temperature,  emerged after
• °C. First plant 5 plants 40 days*
None  12 21 30 5.00
15 11 15 9.25
18 10 12 8.00
21 11 11 9.50
Gibberella and Semesan Jr.  12 24 30 9.00
15 16 21.5 7.50
18 11 11 9.50
21 11 11 9.50
Gibberella, no seed treatment  12 26 31 4.00
15 16 23 3.50
18 11 19 5.00
21 11 11 8.50
, * Number of a possible ten.
Table 16 shows that Semesan Jr. somewhat shortened the germina-
tion period of sweet corn planted in inoculated soil at 18° C. and lower.
Also, the percentage of plants germinating was greater with treated
seed than with non-treated seed.
During the course of this investigation large numbers of blighted
or partly blighted seedlings growing under various conditions were ex-
amined to observe the cause of the disease and to note the effect of
treatment and other factors in its development. In order to understand
the influence of seed treatment and weather on seedling blight, a clear
understanding must be had of the process of germination. When the
seed germinates, it sends out a shoot and a set of primary roots. Several
days later, depending upon growing conditions, secondary roots are
formed an inch or two above the seed. That portion of the stem above
the seed and below the secondary roots is the mesocotyl. Four different
stages in the development of the secondary root system are shown in
Figure 12.
The seedling blight pathogen usually attacks the mesocotyl and, if
unfavorable growing conditions persist long enough this portion may
be completely rotted through before the secondary roots are formed,
and cause the death of the plant (Fig. 13). However, if weather con-
ditions are more favorable for rapid growth the seedling may send out
secondary roots before the rot has extended far enough through the
stern to cut off its water supply (Fig 14). After the secondary roots
are once established, the vital processes of the plant can continue and
even tho the plant parts below these roots are completely destroyed, the
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plant usually will live if other conditions are favorable. Organic mer-
cury dusts also serve as a means of protection to the germinating seed
and kill, or at least lessen, the destructive effect of certain fungi, which
would otherwise destroy the plant before the secondary root system is
formed. Thus, during periods of cold, wet weather follm.ving planting,
seed treatments protect the slowly growing plant and usually result in
a considerable increase in stand.
Fig. 12. Four Corn Seedlings Showing the Development of the Secondary Root
System and Its Increasing Importance as Compared with the Primary Roots
• All degrees of blight may be found in seedlings infected with Gib-
berella saubinettii, but for practical purposes these may be divided into
three general classes, depending on the amount of infection. (1) There
is the healthy class, those that are free or nearly free from infection;
(2) the blighted plants, which sooner or later succumb to the disease;
and (3) the intermediate group in which the plants are severely at-
tacked but are able to form secondary roots before the mesocotyl is
entirely rotted through. Such plants will ordinarily live if other con-
ditions are favorable, altho they may suffer later from root rot. Healthy
plants result when conditions are favorable for seed germination. Seed-
ling blight may result when either the seed is infected or/the soil infested
by the causal organism, especially when the seed is not treated, or, if
treated, accompanied by low temperatures and wet conditions for a time
after planting. The intermediate class may result either from infected
seed in clean soil or from healthy seed in infested soil, when accom-
panied by temperatures quite favorable for germination, or when treated
seed is planted at somewhat lower temperatures. Thus, it appears that
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mercury dusts have an effect similar to that of favorable temperatures,
as far as the resulting stand is concerned.
Fig. 13. Four Diseased Sweet Corn Seedlings Showing the Rapid Destruction of
Alesocotyl and Primary Roots before the Secondary Roots Can Be Formed
This occurs commonly on non-treated seed in cold, wet soils.
Fig. 14. Four Diseased Sweet Corn Seedlings
Treated seed or seed growing under favorable conditions may outgrow the decay
and form secondary roots before the seedling is blighted.
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Effect on Development of Seedling Blight of Picking Sweet Corn
Seed at Different Stages of Maturity and of Drying
It at Different Temperatures, and the Value
of Treating Such Seed
Field observations made in the spring of 1929 indicated that certain
poor stands of sweet corn might have been due to the use of seed har-
vested prematurely and dried at too high a temperature.
Erwin and Haber (4) state that seedlings from immature sweet
corn seed were not so vigorous as those from mature seed, altho there
was little difference in the percentage germination. They state, also,
that sweet corn may be dried at a temperature of 100° F. without im-
paring its vigor.
In order to study the reaction of immature seed when dried arti-
ficially at both a high and a low temperature and planted in soil infested
with Gibberella the following experiment was made. Late in the sum-
mer of 1929, several ears of Del Maiz sweet corn were selected that
represented three stages of maturity—milk, dough, and hard-dough.
Samples of each were tested for moisture content .and found to contain
66, 58, and 50 per cent moisture,6 respectively. Each of the first two
lots were divided—half were dried at a temperature from 95 to 100° F.,
and the other half at 80 to 85° F. The third lot was dried in the usual
commercial way, beginning at about 80° F. and gradually increasing to
approximately 100° F. During the following winter the five lots of
seed were planted in white quartz sand in water-tight pots, placed in
temperature tanks in the greenhouse. Half of the pots were inoculated
with Gibberella growing on a rice medium, and half received no inocu-
lum. In addition, some of the seed of two lots (milk stage, dried at
95 to 100° F., and the hard-dough stage) was treated with Semesan Jr.,
planted in sand, both with and without inoculum. All of these series
were run at a high and a low temperature: 25 and 12 degrees C. In
each pot of sand, 10 kernels were planted on top of the Gibberella-
inoculated or sterile rice cultures, the latter being used in the checks.
Two replications of each series were planted. These were watered every
other day, the excess moisture being drained off by means of a suction
pump. The number of plants coming up in each pot was recorded. The
experiment continued for a period of six weeks, at which time a count
was again made on the number of living plants. The results are given
in Table 17.
- The results indicate that Gibberella was more destructive to im-
mature seed than to mature seed, blight being progressively worse with
the increase in moisture content. Under greenhouse conditions, there
seemed to be very little difference in the effect of Gibberella on corn
6 The moisture-content tests were kindly made by the Minnesota Valley Canning .Co. at
LeSueur. Also the seed was dried in the artificial drying tunnels at that place.
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dried at 95-100° F. and that dried at 80-85° F. The number of plants
remaining healthy at the end of the experiment was greater in pots
inoculated with Gibberella and non-inoculated pots where Semesan Jr.
was used than in those receiving no seed treatment. The destructive
effect of Gibberella was more pronounced in the pots maintained at
12° C. than in those at 24° C. in both seed treated with Semesan and
'non-treated.
Table 17
Effect of the Stage of Maturity, of Sweet Corn, Together with the Subsequent
Rate of Drying, Upon the Stand of Del Maiz Corn When Inoc-
ulated with Gibberella and Grown in the Green-
house at 24 and 12° C.
Moisture
content,
per cent
Temperature
at which
dried
Treatment
Av. no. plants
at beginning and end of •
experiment for each temperature
Av. for both
temperatures
12° 24°
Beginning EndBeginning' End Beginning End
66 9h-100° F. Gibberella 6.0 0.0 7.5 0.0 6.75 0.00
66 do Gibb.-Sem. Jr. 3.5 2.0 8.5 0.5 6.00 1.25
66 'do No treatment 7.0 3.5 7.0 1.0 7.00 2.25
66 do Semesan Jr. 8.5 7.5 10.0 2.5 9.25 5.00
66 - 80-85° F. Gibberella 2.0 1.0 7.5 0.5 4.75 0.75
66 do No treatment 5.0 4.5 9.5 4.0 7.25 4.25
58 95-100° F. Gibberella 7.5 5.0 9.5 1.5 8.50 3.25
58 do No treatment 10.0 9.5 9.5 6.0 9.25 7.75
58 80-85° F. Gibberella 8.0 4.5 9.0 3.5 8.50 4.00
58 do No treatment 9.0 8.5 10.0 5.0 9.50 ,6.75
50 80-100° F. Gibberella 8.0 6.0 8.5 5.0 8.25 5.50
50 do Gibb.-Sem. Jr. 9.5 9.5 9.5 7.0 9.50 8.25
50 do No treatment 9.0 8.5 10.0 8.5 9.50 8.50
50 do Semesan Jr. 10.0 10.0 9.5 8.5 9.75 9.25
A similar experiment was conducted with the same lots of seed the
following spring, under field conditions at University Farm. These lots
were planted on May 5 and May 31 in rows of 17 hills each, 3 kernels
to a hill. At planting time each hill was inoculated with about 20 grams
of Gibberella inoculum, consisting of the organism growing on a wheat-
oat medium. Each series was replicated at least twice, with the excep-
tion of one lot of seed which was not available in sufficient quantities.
The stand and yield data are given in Table 18.
In general, these results agree with those obtained in the greenhouse.
However, in this experiment, seed dried at 95-100° F., was more sus-
ceptible to Gibberella than that dried at 80-85° F. Here, also, treatments
with Semesan Jr. were beneficial, more so when seed was most immature
when harvested.
These experiments corroborate the field observations that the amoun
of seedling blight may be greatly influenced by the stage of maturity of
the seed when harvested, and by the temperatures at which the seed is
dried. They also show that when the seed is weakened by prematur
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harvesting or improper drying the amount of seedling blight may be
reduced by treating the seed with organic mercury dusts.
Table 18
Effect of Seed Treatment Upon Stand and Yield of Del Maiz Sweet Corn,
When Harvested the Previous Season at Three Stages of De-
velopment, Dried at Different Temperatures, and. Inoc-
ulated with Gibberella saubinettii at Plant-
ing Time in the Field
Moisture
content , ,
when
harvested,
per cent
Drying
temperature
Seed
treatment
Av. of 2
replicates
planted May 5
Av. of 2
replicates
planted May 31 Av.
stand,
per cent
Av.
yield;
lb.Stand,
per cent
Yield,
lb.
Stand,
per cent
Yield,
lb.
66 95-100° F. None 1 0.25 7 1.04 4.0 0.64
66 do Semesan Jr. 10 2.75 11 4.08 10.5 3.41
66 80-85° F. None 3 1.37 18 6.00 10.5 ., 3.68
66 do Semesan Jr. 14 6.75 29 7.75 21.5 7.25
58 95-100° F. None 8 3.00 19 6.75 13.5 4.87
59 do Semesan Jr. 38 11.00 27 8.50 32.5 9.75
58 80-85° F. None ' 16 5.37 50 9.87 33.0 7.62
58 do Semesan Jr. 35 10.75 55 7.93 45.0 9.84
50 80-100° F. None 41 9.37 72 8.37 56.5 8.87
50 do Semesan Jr. 67 12.00 81 9.25 74.0 10.62
Varietal Differences in Response to Seed Treatments
Evidence accumulated in the five years of experimental work indi-
cates that varieties of sweet corn respond differently to seed treatments.
However, a variety giving a high increase in yield one year may give
low returns another year, and vice versa. This may be due to differences
in the lots of seed used within a Variety, or to changing environmental
conditions, or both. Data will be presented which show the variation
in the effect of seed treatments on Crosby, Golden Bantam, Country
Gentleman, Early Evergreen, Golden Evergreen, Bantam Evergreen,
Early White Evergreen, Del Maiz, and other golden varieties.
In 1927 five varieties of sweet corn were treated with three dusts,
Bayer, Semesan Jr., and Dipdust, and grown at four places in Minnesota.
These treatments were replicated four times in plots previously de-
scribed. The percentage increase in stand over check lots for all dusts
on each variety grown, is as follows: Crosby 5.88, Golden Bantam 2.02,
Golden varieties 0.75, Country Gentleman 0.99, and Early Evergreen
3.48. In 1928„six varieties of sweet corn, treated with various mer-
cury dusts, were planted at two places in Minnesota. The percentage
increase in stand of each treated variety over non-treated seed was as
follows: Country Gentleman 8.64, Early White Evergreen 4.56, Golden
Evergreen 25.95, Golden varieties 2.43, Golden Bantam 6:96, and Crosby
4.59. The following year, four varieties of corn were planted at four
places in Minnesota. Seed of one variety, Bantam Evergreen, was dis-
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eased, being infected with Gibberella. The others—Golden Bantam,
Crosby, and Del Maiz—were healthy. The percentage increases in
stand of treated corn over non-treated corn are as follows: Bantam
Evergreen 34.2, Golden Bantam, 5.3, Crosby 0.0, and Del Maiz 1.76.
In 1931 only two varieties were grown at University Farm. Part of
these were inoculated with Gibberella. The following are the percent-
age increases in stand of treated corn over non-treated corn: Golden
Bantam, Gibberella-inoculated 120.3, and non-inoculated 15.1; Del Maiz,
Gibberella-inoculated 94.1 and non-inoculated 5.0.
SUMMARY AND CONCLUSIONS
A survey of pea diseases in Minnesota during the seasons of 1926
to 1931 revealed most of the diseases common elsewhere in the United
States, but only a few have been observed in destructive proportions.
Of the various diseases observed on canning peas in Minnesota, bacterial
blight, seedling blight, and root rot are probably the most common.
Fusarium wilt was not so prevalent as some other diseases, but it prom-
ises to become one of the most destructive. The wilt pathogen, when
once established in the soil, can live for years, and increases with con-
tinued cropping to peas. Thus, proper rotations are necessary if serious
losses are to be avoided. On account of the potential importance of
Fusarium wilt, it has been studied in some detail.
Pathogenicity studies have shown that several species of Fusarium
are responsible for wilt in Minnesota. Fusarium orthoceras App. and
Wr. var. pisi Linf ord is the most common cause of wilt. Another cul-
ture (D30-239a) identified as Fusarium bullatum Sherb. causes a rapid
wilt of young pea plants and was frequently isolated from plants wilted
in the field. A third species represented by culture D30-360 and identi-
fied as Fusarium acuminatum Ell. and Ev. emend. Wr. caused a wilt of
several varieties of peas but appeared to be less virulent than the two
other species.
• Cultures of Fusarium sufficiently alike to be classified as the same
species vary markedly in such characters as pathogenicity on different
varieties of peas, acid tolerance, rate of growth, pigmentation, and spore
production. These are considered as physiologic forms and their sig-
nificance in the study of wilt and in the selection of wilt-resistant va-
rieties is pointed out.
Soil temperature is one of the most important environmental factors
in the development of Fusarium wilt. In experiments, the largest num-.
ber of wilted plants was found at 28° C. for two cultures of the patho-
gen and at 24° C. for another. The optimum temperature for the
growth of all three of these cultures on agar was 28° C. One culture
(D30-360) grew most rapidly at 20° C.
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The influence of soil reaction on wilt development was tested by
growing Alaska and Prince of Wales peas on inoculated soils having
reactions varying from pH 4.53 to pH 9.69. The largest number of
wilted plants occurred at pH 8.52. No wilt developed in soils with
reaction below pH 5.07; some wilt was present throughout the alkaline
range.
Four different cultures of Fusarium causing pea wilt, when grown
on agar with a range of pH, varied considerably in their rate of growth.
Varying amounts of soil moisture had only a slight effect on the
development of Fusarium wilt. The greatest amount of wilt, however,
developed on the wettest soil.
The use of wilt-resistant varieties or strains of peas appears to be
the most promising method of avoiding loss from wilt. In the course
of this work, single plant selections have been made from several of the
commercially grown varieties. These are being tested further for re-
sistance and trueness of type.
Transmission of wilt by seed has been demonstrated. The pathogen
was found in the seed coat but not in the cotyledons of seed from wilted
plants.
The most common diseases of sweet corn observed in Minnesota
were smut, rust, root rot, and seedling blight. Bacterial wilt was not •
observed. Smut and seedling blight were the most destructive of the
diseases observed.
Field experiments demonstrated that fertilizers have little effect on
the development of smut. The results of seed treatment for the control
of seedling blight of sweet corn varied greatly. Altho remarkable in-
crease's in stand and yield frequently, resulted from seed treatment, there
were times when no benefits were obtained. These variable results led
to a study of the factors influencing the development of seedling blight
and the effectiveness of seed treatment. -
Fertilizers were found to have little influence on the development of
seedling blight and only slightly influenced the results of seed treatment.
The weather conditions following planting were found to be one
of the most important factors influencing the development of seedling!
blight. When planting is followed by cool, wet weather, the seed ger-
minates slowly; the fungi causing seedling blight are only slightly re-
tarded. This results in the destruction of the primary roots and the
death of the plant before the secondary roots are formed. On the
other hand, when the soil is warm and conditions are favorable for the
germination and growth of corn, the seedling grows rapidly and the
secondary roots are formed before the seedling is killed. Thus corn
planted on different dates varied greatly in the amount of seedling
blight and in-response to seed treatment.
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Experiments also demonstrated that seed of sweet corn, harvested
while immature or dried at too high a temperature, is predisposed to
seedling blight and that seed treatment greatly increases the stand and
yield when such seed is planted.
There is also :evidence that different varieties respond differently to
seed treatment under similar conditions, but the differences vary with
locality and season.
The organic mercury dusts used at the rate of 2 to 3 ounces per
bushel were found to be the most satisfactory treatment.
Altho increased yields do not always follow seed treatment, it is
believed that the benefits over a period of years will justify the practice.
In Minnesota, periods, of cold, wet weather are common during the
planting season and nearly every year some plantings suffer greatly •
from seedling blight. For this reason, seed treatment of sweet corn is
recommended as a general practice to insure against these losses.
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